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TECHNICAL FIELD 

The present invention relates to a novel lithium salt of ascorbic acid derivatives. 
BACKGROUND ART 

Recently, it has been revealed that active oxygen species or reactive organic radical species play an 
important role in aggravation of lesions (i.e., lowering of cell function, disturbances, destruction, necrosis, 
etc.) of diseases of heart, brain, kidney or the like, such as ischemic cardiac diseases, ischemic brain 
disorders, ischemic renal disorders, ischemic ulcer of the digestive system, cancer, arteriosclerosis, 
diabetes, cataract and the like (L Fridovich, Annual Review of Pharmacology and Toxicology 23, 239 (1983); 
J. M. McCord. The New England Journal of Medicine 312. 159 (1985); K. P. Burton, J. M. McCord and G. 
Chai, American Journal of Physiology 246, H776 (1984); Masao Inoue et al., Active Oxygen and disease, 
Gakkai Shuppan Center (1992)). As the active oxygen species or reactive organic radical species in a living 
system are considered, among others, superoxide anion radical (0~- 2 ). hydroxyl radical (*OH), singlet 
oxygen OO2). peroxide radical (ROO*) and the like. In particular, the relationship between the formation of 
0~*2 in a living system and the subsequent damages of cells or tissues caused by the active oxygen 
species have important meanings, ft is been known that superoxide dismutase effectively acts to scavenge 
0"-2 effectively or specifically (D. N. Granger, G. Rutili. J. M. McCord, Gastroenterology 81. 22 (1981)). 
Also, it has been reported that such compounds as ascorbic acid, a-tocopherol, cysteine, reduced 
glutathione and the like have an activity to scavenge free radicals, and that these compounds could prevent 
lesions in tissues, which are seemed to be related with free radicals in pathological conditions (I. Fridovich, 
Science 201 , 875 (1978)). 

As ascorbic acid derivatives having prophylactic and therapeutic activity against functional disorders of 
the circulatory system, 2-O-ethers of ascorbic acid are described in JP-A 61-263969 (EP-A-202589). 

DISCLOSURE OF INVENTION 

Based on the fundamental studies so far made, revealing that active oxygen species and organic 
30 radicals play a significantly important role in causing tissue disturbances in a living system, the present 
inventors have conducted research work for finding out a novel type of pharmaceutical which is more potent 
than the above free radical scavengers and excellent pharmacologically as well as pharmaceutically, aiming 
at scavenging active oxygen species and organic radicals. As the result, the present inventors found that 
novel lithium salts of 2-O-substituted ascorbic acid derivatives controlled, in experiments in vitro and in 
36 various animal test models, activity of lipid peroxidation enzyme, ischemic heart diseases, disturbances in 
cerebral function or the like in low doses* After further studies based on these findings, the present 
invention has been completed. 

The present invention provides lithium salts of 2-O-alkylascorbic acids. 

The lithium salt of 2-O-alkylascorbic acids is useful as a pharmaceutical composition for preventing and 
40 treating functional disorders of the circulatory system, or as an anticancer drug. 
The present invention is illustrated below. 

The lithium salt of 2-O-alkylascorbic acids of the present invention is a lithium salt of a compound of the 
formula (I): 



55 wherein R^ represents alkyl. This salt may be any of mono-salt, di-salt and tri-salt. 

The lithium may be attached to any oxygen atoms at the 1-, 2- or 3-position. Among them, the 3- 
position is preferred. 
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Examples of the alkyl group represented by R 1 in the above formula (I) include optionally substituted 
straight-chain or branched-chain alkyl groups. 

The alkyl group in the optionally substituted straight-chain or branched-chain alkyl group is preferably 
that having 1 to 20 carbon atoms, more preferably that having 9 to 20 carbon atoms, particularly preferably 
5 straight-chain alkyl groups having 14 to 18 carbon atoms. Examples of the alkyl group include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, n-nonyl, n-decyl, n-undecyl, n- 
dodecyl, n-tridecyl, n-tetradecyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, n-octadecyl, n-nonadecyl, n- 
eicosyl and the like. 

The number of methylene groups in the substituted straight-chain or branched-chain alkyl groups 
70 described above is preferably 1 to 19, 

Examples of the substituent of the above alkyl group include an optionally substituted hydroxyl group, 
an optionally substituted amino group, an optionally substituted carbpxyl group, an optionally substituted 
aminocarbonyl group, an optionally substituted vinyl group, an optionally substituted ethynyl group, 
optionally substituted cycloalkyl groups, optionally substituted aryl groups, optionally substituted 
ts heterocyclic groups, a quinoyl group of the formula: 



0 



20 




E 3 



25 

wherein R 2 is a methyl group or methoxy group, or the two R 2, s may be joined together to form a group 
of the formula: -CH - CH-CH = CH-; and R 3 is a phenyl, naphthyl, thienyl or pyridyl group eacb of which may 
optionally be substituted, 
30 or a chroman-2-yl group of the formula: 



CH 3 



35 




K 2 

40 

wherein each symbol is as defined above. 

Examples of the optionally substituted hydroxyl group as the substituent of the above alkyl group 
include groups of the formula: 

45 -OR* 

wherein R 4 is hydrogen, C1-3 alkyl or phenyl; 
such as Ci -3 alkoxy (e.g., methoxy, ethoxy, propoxy, isopropoxy, etc.), phenoxy and the like in addition to 
an unsubstituted hydroxyl group, 
so Examples of the optionally substituted amino group as the substituent of the above alkyl group include 
groups of the formula: 



55 
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wherein R 5 and R 6 are the same or different and are hydrogen, C1-3 alkyl, phenyl or p-hydroxyphenyl; 
such as amino substituted with mono-Ci -3 or di-Ci^ 3 alkyl substituted amino (e.g., methylamino. 
dimethylamino, ethylamino. propylamino, isopropylamino. etc.). phenylamino, p-hydroxyphenylamino and 
the like in addition to an unsubstituted amino group. 
5 Examples of the optionally substituted carboxyl as the substituent of the above alkyl include groups of 
the formula: 

-COOR 7 

70 wherein R 7 is hydrogen, C1 -3 alkyl or phenyl; 

such as methoxycarbonyl. ethoxycarbonyl, phenoxycarbonyl and the like in addition to an unsubstituted 
carboxyl group. 

Examples of the optionally substituted aminocarbonyl group as the substituent of the above alkyl group 
include groups of the formula: 



75 



-CO-NH-R 8 



wherein R 8 is hydrogen, C1-3 alkyl, phenyl or p-hydroxyphenyl; 
such as methylaminocarbonyl, ethylaminocarbonyl. isopropylaminocarbonyl, phenylaminocarbonyl, p- 
20 hydroxyphenylaminocarbonyl and the like in addition to an unsubstituted aminocarbonyl group. 

Examples of the optionally substituted vinyl group as the substituent of the above alkyl group include 
groups of the formula: 

B 9 

25 ~CH = C< 

wherein R 9 and R 10 are the same or different and are hydrogen, Ci-s alkyl, phenyl, p-methoxyphenyl, 
30 3-pyridyl or 3,4-methylenedioxyphenyl; 

such as propenyl, butenyl, perrtenyl, hexenyl. heptenyl, 1,1-diphenyiethenyl, 1-phenyM-(3-pyridyl)ethenyl, 
1-phenyM-(2-1hienyl)ethenyl and the like in addition to an unsubstituted vinyl group. 

Examples of the optionally substituted ethynyl group as the substituent of the above alkyl group include 
groups of the formula: 

05 

-OOR 11 

wherein R 11 is hydrogen or Ci-s alkyl; 
such as methylethynyl, ethylethynyl. n-pentylethynyl and the like in addition to an unsubstituted ethynyl 
40 group. 

Preferred examples of the cycloalkyl group of the optionally substituted cycloalkyl group as the 
substituent of the above alkyl group include cycloalkyl groups having 3 to 6 carbon atoms such as 
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. The cycloalkyl group may have 1 to 3 
substituents such as carboxyl, hydroxyl, Ci -3 alkyl or the like. Examples of the substituted cycloalkyl group 
45 include 1-carboxycyclopropyl, 2-carboxycyclopropyl, 1-carboxycyclopentyl. 1-carboxycyclohexyl. 4-carbox- 
ycyclohexyl and the like. 

Examples of the optionally substituted aryl group as the substituent of the above alkyl group include 
groups of the formula: 



55 
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wherein R 12 , R 13 and R u are the same or different and are hydrogen, Ci- 3 alkyl, C1-3 alkoxy. halogen, 
ethoxycarbonylethenyi, phenyl, carboxyl, carboxymethyl or 1-carboxyeth'yl; 

and naphthyl optionally substituted with 1 to 3 substituents selected from C1 -3 alkyl. Ci -3 alkoxy, halogen, 
carboxy and acetyl. Concrete examples of the optionally substituted aryl include phenyl, 1- or 2-naphthyl, 2- 

5 , 3- or 4-monomethylphenyl, 2-, 3- or 4-monomethoxyphenyl, 2-, 3- or 4-monoethoxyphenyl, 2-, 3- or 4- 
monohalogenophenyl having a chlorine, bromine or fluorine atom as the halogen atom, 2,3-methylenediox- 
yphenyl, 3.4-dimethylphenyl, 3,4-dimethoxyphenyl. 4-(ethoxycarbonylethenyl)phenyl, 4-isopropylphenyl, 4- 
methoxycarbonylphenyl, 3,4,5-trimetnylphenyl, 3.4,5-trimethoxy phenyl. 4-biphenylyl, 4-carboxyphenyl, 4- 
carboxymethylphenyl, 4-(1-carboxyethyl)phenyl and the like. 

10 Examples of the heterocyclic group of the optionally substituted heterocyclic group as the substituent of 
the above alkyl group include 5 to 7 membered heterocyclic groups containing one sulfur atom, nitrogen 
atom or oxygen atom, 5 to 6 membered heterocyclic groups containing 2 to 4 nitrogen atoms, 5 to 6 
membered heterocyclic groups containing 1 to 2 nitrogen atoms and one sulfur atom or oxygen atom end 
the like. Each of these heterocyclic groups may have 1 to 3 substituents such as C1-3 alkyl optionally 

75 substituted with phenyl; carboxyl; hydroxyl; Ci-a alkoxy; phenyl optionally substituted with halogen; 
halogen; carboxymethyl; benzoyl or the like. Concrete examples of the optionally substituted heterocyclic 
group include 2-, 3- or 4-pyridyl. 2- or 3-thienyl, morpholino, pyrrolidinyl, piperidino, piperidyl. piperazinyl, 
4-phenylpiperazinyl, 4-(p-fluorophenyl)piperazinyl, 4-diphenylmethylpiperazinyl, 4-(p-methoxyphenyl)- 
piperazinyl and the like. 

20 Examples of the C1-6 alkyl in the present specification include methyl, ethyl, n-propyl, isopropyl, n- 
butyl, tsobutyl, n-pentyl, n-hexyl and the like. 

Examples of the C1-3 alkyl in the present specification include methyl, ethyl, n-propyl. isopropyl and 

the like. 

Examples of the C1-3 alkoxy in the present specification include methoxy. ethoxy. n-propoxy. 
25 isopropoxy and the like. 

Examples of the halogen in the present specification include chlorine, bromine, fluorine and iodine. 
The lithium salt of 2-O-alkylascorbic acids can be obtained by subjecting a compound of the above 
formula (l)(hereinafter referred to as compound (I)) to lithiation. 

The above reaction can be carried out by conventional known methods, for example, by reaction with a 
30 lithium compound such as lithium carbonate or the like. 

Tnis reaction is carried out in a solvent which does not hinder the reaction. Examples of the solvent 
include water, alcohols (e.g.. methanol, ethanol, etc.) and the like. 

The amount of the lithium compound such as lithium carbonate or the like to be used is about 0.5 to 10 
mol per mol of the compound (I) of the starting material. 
35 The reaction temperature is about 1 0 • C to 80 • C. 
The reaction time is about 10 minutes to 6 hours. 

The 2-O-alkylascorbic acid lithium thus prepared can be isolated and collected by per se known 
separation and purification methods (e.g., chromatography using silica gel, polystyrene resin, active carbon, 
reversed phase or the like; recrystallization, etc.). 
40 The compound (I) to be used as the starting material in the present invention can be prepared, for 
example, by the following reaction steps (JP-A 61-263969 (EP-A-202589), JP-A 6O130582 (US4780549), 
etc). 
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Ascorbic acid or 
isoascorbic acid 



HO OH 



HOi 




HO 0-R 1 



In the above process, the compound (i) can be prepared by reacting ascorbic acid or isoascorbic acid 
with a protecting agent such as methoxymethyl chloride, ethoxymethyl chloride, benzyl bromide, trimethyl- 
silyl chloride, dimethyl-tert-butylsilyl chloride or the like according to per se known methods to obtain 3-0- 
ether, followed by reacton of the resulting 3-O-ether with a compound of the formula: R 1 -Z wherein R 1 is as 
defined above and Z is halogen (e.g., chlorine, bromine, etc.). This reaction is carried out in the presence of 
an inorganic acid. Examples of the inorganic acid include alkaline metal hydroxides (e.g., sodium hydroxide, 
potassium hydroxide, etc.), alkaline metal salts (e.g.. sodium carbonate, potassium carbonate, etc.) and the 
like. This reaction is carried out in a solvent which does not hinder the reaction. Examples of the solvent 
include amides (e.g., dimethylformamide, hexamethylphosphramide, etc.), sulfoxides (e.g., dimethyl sulfox- 
ide, etc.), cyclic ethers (e.g., tetrahydrofuran, etc.) and the like. These solvents can be used alone or in 
combination of the two or more of them. The reaction temperature is about 1 to 18 hours. The reaction 
temperature is about 10 to 60* C. 

The lithium salt of 2-Oalkylascorbic acids of the present invention shows free-radical scavenging and 
anticancer actions in experiments in vitro using lipid peroxidation enzyme, phospholipid hydrolase A2 and 
GST-cdc25Hu2 (protein phosphatase), and also shows actions of preventing and improving cardiac 
functional disorders in an ischemia-reperfusion model in the heart of rats, while it shows remarkably low 
toxicity and no side effects. The compound of the present invention shows therapeutic, prophylactic and 
improving actions against various disorders, for example, ischemic cardiac disorders (arrhythmia, coronary 
arterial vasospasm, necrosis of cardiac tissue, myocardial infarction, etc.). subarachnoid hemorrhage 
disorders, ischemic disorders of cerebral tissue (cerebral infarction, dementia, senile dementia, etc.), 
ischemic renal disorders, ischemic disorders of digestive apparatuses (ulcer of digestive apparatuses, etc.), 
cancer, arteriosclerosis, diabetes, cataract or the like in mammals (e.g., mice, rats, rabbits, dogs, monkeys, 
humans, etc.), thus being useful as pharmaceutical compositions for preventing or treating functional 
disorders in the circulatory system or anticancer drug. 

Specific examples of the use as the above preventing and improving composotion of the diseases 
include pharmaceutical compositions for improving the circulatory system such as pharmaceutical composi- 
tions of anti-arrhythmia, anti-myocardiac infarction, anti-cerebral infarction, preventing senile dementia, 
therapy and improvement after subarachnoid hemorrhage; pharmaceutical compositions for improving renal 
functions, pharmaceutical compositions for treating stress ulcer of digestive apparatuses; anticancer drugs 
and the like. 

The compounds of the present invention are low in toxicity and can safely be administered orally or 
parenterally as pharmaceutical compositions (e.g., tablets, capsules including soft capsules and micro- 
capsules, liquids, suppositories, injections, preparations for nasal inhalation, percutaneous preparations, eye 
drops, etc.) prepared by mixing the compound of the present invention with per se known pharmacologi- 
cally acceptable carriers, excipients, diluents, etc. in accordance with per se known methods. While the 
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dosage varies with the subjects, administration routes, symptoms, etc., it is usually, when orally admin- 
istered to the above-mentioned mammals, about 0.1 mg/kg to 500 mg/kg body weight, preferably about 0.5 
mg/kg to 200 mg/kg body weight 1 to 3 times a day. 

When the compound is administered parenterally, for example, as a suppository, about 5 mg to 100 
5 mg/kg in terms of the compound of the present invention, once or twice a day. As the injections, it is 
desirable to use, in terms of the compound of the present invention, about 0.1 mg/kg to 5 mg/kg once or 
twice a day. 

For preparation of the above-mentioned compositions for oral use, a binder (e.g., hydroxypropylcel- 
lulose, hydroxymethylpropyl-methylcellulose, macrogol, etc.), a disintegrator (e.g.. starch, carboxymethylcel- 
io lulose calcium, etc.), an excipient (e.g.. lactose, starch, etc.). a lubricant (e.g., magnesium stearate, talc, 
etc.) and the like may be suitably incorporated. 

When a composition of parenteral use, for example, injectable preparation, an isotonizing agent (e.g., 
glucose, D-sorbitol. D-mannitol, sodium chloride, etc.), an antiseptic (e.g., benzyl alcohol, chlorobutanol, 
methyl parahydroxybenzoate, propyl parahydroxybenzoate, etc.), a buffer (e.g.. phosphate buffer, sodium 
is acetate buffer, etc.) and the like may be suitably incorporated. 

EXAMPLES 

The following experiments and examples further illustrate the present invention in detail but are not to 
20 be construed to limit the scope thereof. 

Experiment 1 

Hemolysis arid solubility of 2-O-octadecylascorbic acid lithium: 

25 

A physiological saline solution containing 2-O-octadecylascorbic acid lithium obtained in Example 1 
below was warmed to 37 *C, put in a Spitz roll, provided with rabbit defibrinated blood (Note)(0.1 ml) 
previously warmed to 37 *C. shaken for mixing gently and warmed at 37 *C for 1 hour. Then, this liquid was 
subjected to centrifugation. Macroscopic observation was made as to whether the supernatant had 
30 hemolysis. 

As a result, hemolysis was not observed in an amount of not more than 1 ug/ml of 2-O-octadecylascor- 
bic acid lithium. 

(Note) Rabbit defibrinated blood: 

35 

Blood (about 20 ml) was drawn from rabbits, put in a flask containing about twenty glass beads of 
diameter of 8 mm, shaken for mixing gently for about 5 minutes and filtered through gauze. This 
preparation was carried out before use. 

The water-solubility was 1 g/83 ml (water) at 28* C. 

40 

Experiment 2 

Toxicity of 2-O-octadecylascorbic acid lithium 
45 Method: 

The test compound was administered orally or Intravenously to Jcl:ICR mice and Jcl:Wistar rats (two 
mice or rats (male and female) per group). 2-O-octadecylascorbic acid lithium obtained in Example 1 as the 
test compound was suspended in 0.5% methyl cellulose in the case of oral administration and dissolved in 
so physiological saline in the case of intravenous administration. 

Results: 

In the both cases of the mice and rats, the LDso was not less than 2,000 mg/kg in the oral 
55 administration and in the region of 25 to 50 mg/kg in the intravenous administration. The differences 
between the sexes were not observed. Abnormal findings were not observed in the autopsy of the survivors. 
Pulmonary congestion was observed in the autopsy of the dead animals in the intravenous administration. 
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Experiment 3 

Inhibitory activity against lipid peroxidation enzyme of 2-O-octadecylascorbic acid lithium 
5 Method: 

Rat liver microsome (2 mg), which is a NADPH generating system, the test compound (2-0- 
octadecylascorbic acid lithium obtained Example 1)(300 uM) and carbon tetrachloride (20 mM) were 
reacted at 37 *C for 12 minutes. A mixed solution of thiobarbituric acid and trichloroacetic acid was added 
w to the solution. Absorbance was measured at 535 nm. 

Results: 

The inhibitory ratio of the enzymatic activity was 75%. It was found that the test compound had trea- 
ts radical scavenging activity. 

Experiment 4 

Inhibitory activity against phospholipase A* of 2-O-octadecylascorbic acid lithium 

20 

Method: 

Phospholipase A2 derived from pig pancreas was reacted for 10 minutes in 0,1 M glycine-NaOH buffer 
(pH 9) containing a test compound (2-O-octadecylascorbic acid lithium obtained in Example 1)(300 uM) and 
25 labeled phosphatidylcholine. Thereafter, Ca ++ (2.5 mM) was added and the reaction was continued for 
additional 5 minutes. The reaction was stopped by adding 0.2M EDTA solution to the reaction mixture. The 
mixture was extracted with acidic hexene. Scintillation of the hexene layer was measured. 

Results: 

30 

The enzymatic activity of the phospholipase was inhibited by 59%. 
Experiment 5 

35 GST-cdc25Hu2 (protein phosphatase) inhibitory activity of 2-O-octadecylascorbic acid lithium 

A test compound (2-Ooctadecylascorbic acid lithium obtained in Example 1)(80 uM) was added to a 
reaction mixture containing GST-cdc25Hu2 fused protein (60 ug/ml), p-n'rtrophenylphosphate (manufactured 
by Wako Pure Chemical Industries, Ltd.)(10 mM), bovine serum albumin (manufactured by Sigma, U.S.A.)- 
40 (100 ug/ml), DDT (dithiothreitol) (manufactured by Wako Pure Chemical Industries, Ltd.)(10 mM) and 
HEPES (2-hydroxyethylpiperazine-N'-2-ethane sulfate)(25 mM, pH 8.0). The mixture was subjected to 
reaction at 37 • C for 60 minutes. Then, absorbance at 405 nm was measured, and the inhibitory activity was 
evaluated based on the decrease of the absorbance. 

45 Results: 

The cdc25 activity was inhibited by 93.6%. That is, anticancer activity was observed in the test 
compound. 

so Experiment 6 

Inhibitory activity against development of myocardial infarction focus in rats of 2-O-octadecylascorbic acid 
Method: 

5S 

Male Wistar-rats (11 to 12 weeks old) were used and anethesized with pentobarbital-Na, and medianus 
thoracotomy was carried out under artificial respiration. After incising the pericardium membrane, the heart 
was exposed. The base of the left coronary artery together with cardiac muscle was threaded with a sutural 
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needle and thread (marketed by Lederle (Japan). Ltd.. 7-0 silk), which were passed through a polyethylene 
tube, and the thread was pulled. Thus, coronary artery was obstructed. One hour later, the thread was 
loosed to make blood to flow again. Thirty to sixty minutes after reperfusion, the thorax was closed and the 
rat was kept under arousal. 

s After 24 hours, the rats were anesthetized again, and the heart was removed quickly and soaked in ice- 
cooled physiological saline. The coronary artery was obstructed again to know a dangerous region. Evans* 
Blue (1%) was perfused through a polyethylene tube inserted into the aorta retrogradely, and normal region 
was separated from the dangerous region. Thereafter, the left ventricle was divided into 6 parts parallel to 
the vertical axis and dyed with triphenyl tetrazolium chloride (TTC)(1%) at 37 *C for 10 minutes except 

io necrotic cells. The infarction focus was weighed. The test drug (2-O-octadecylascorbic acid obtained in 
Example 1) was dissolved in physiological saline, and administered intravenously 30 minutes after the 
coronary obstruction. 

Results: 

75 

In the group (N-12) of the intravenous administration of physiological saline (1 ml/kg), the infarction 
focus per the dangerous region (IS/AR) was 60.0*1.8%. On the other hand, the group (N=7) of the 
intravenous administration of the test compound (1 mg/kg) showed 40.5±4.6% (IS/AR) and significant 
inhibition of 32.7% was observed in comparison with the control group (P<0.001). There was no significant 
20 difference between the two groups in the dangerous region per left ventricle (AR/LV). 

From the above results, it has become clear that the test compound significantly inhibits the develop- 
ment of myocardial infarction focus after coronary obstruction-reperfusion in rats in a dose of 1 mg/kg i.v. 

Example 1 

25 

2-O-octadecylascorbic acid (4.28 g, 10 mM) was suspended in water (150 ml). Lithium carbonate (0.37 
g, 5mM) was added little by little with stirring. Then, ethanol (50 ml) was added to obtain a transparent 
homogeneous solution. The solution was subjected to spontaneous filtration. The ethanol was distilled off 
under reduced pressure, and the aqueous solution was lyophilized to obtain powder. It was washed with 
30 acetone, dried under reduced pressure in a desiccator to obtain 2-O-octadecylascorbic acid lithium (4.0 g)- 
(mp 163-165*C). 

Example 2 

35 Tablets containing 2-O-octadecylascorbic acid lithium (3 mg) and having the following formulation were 
prepared by a per se known method. 



2-O-Octadecylascorbic acid lithium 


3 mg 


Lactose 


65 mg 


Corn starch 


40 mg 


Hydroxypropylcellulose 


2 mg 


Magnesium stearate 


0.2 mg 




110.2 mg (per tablet) 



45 

Example 3 

Tablets containing 2-O-octadecylascorbic acid lithium (500 mg) and having the following formulation 
50 were prepared by a per se known method. 



55 
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2-OOctadecylascorbic acid lithium 
Starch isomerized to cMSomer 
Corn starch 
Magnesium stearate 



500 mg 
15 mg 
22 mg 



3 mg 



540 mg (per tablet) 



Claims 

1. A lithium salt of 2-O-alkylascorbic acid. 

2. A lithium salt of 2-O-alkylascorbic acid according to claim 1, wherein the alkyl has 14 to 18 carbon 
atoms. 

a A pharmaceutical composition for preventing or treating a functional disorder of the circulatory system 
comprising a lithium salt of 2-O-alkylascorbic acid. 



10 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP93/01409 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 5 C07D307/62, A61K31/375 

According to International Pmtrxrt CUanGcstkn (IPC) or to both national dmwfiatioo sod IPC 


R FTFT.DS SEARCHED 


Minimum do< 

Int. 


■■■riirioa win hiil (i liaaiTa atirw ryiarTa fnlrnTrri* Yy daaajffcati 

CI 5 C07D307/62, A61K31/375 








aitbaxsacbdocmmc 


sb are iocfuaeo is ta* 


i Hclda searched 


Electronic d« 


ta baae coeasjlfed dariag the ineonarfoesri ecaid^name of « 


lata baae and, when 


) practicable, acarch 


rmauaed) | 


CAS ONLINE 








C DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of docnmcnl. With indication, where appropriate, of the relevant passages 


Relevant to daim No. 


A 


jp, A, 2-235813 (Jiro Fujimoto) , 
September 18, 1990 (18. 09. 90), 
Claim (Family: none) 




1-3 


A 


J. Med. Chem. , 31 (4), P. 793-798, 1988 


1-3 


A 


US, A, 4959362 (Takeda Chemical 
Industries , Inc . ) , 
September 25, 1990 (25. 09. 90), 
Claim & EP, A, 202589 




1-3 




er documents are listed in toe cootinnation of Boot C 


| [ See patent family annex. 




-A- ilm aaiii **BM*+* asanas! rtitT irf «Vr -rr-*^- 1 1« 1 *■ " * 

to be of partksUar 

*TT* eaili» doc»» M «botpotlbfcn<<mor«O e TiWi-ii«ii.Mil miafSaa- 
-L- <|o«i»Baa**l4*Beytirowda«^ 

ilifl »i inatillm *ji 1-^-—— — #W 

apodal «o»(asapaddsd) 
-O- dowwH tafsniaf Idmw) dlaoloaiata, oaaJktooe or otter 

-T doceaasas jajMishM pHnr to ntolaawaattoaal mt«i «ato aaaa 

tae priority dat* chM 


*T* tatardoeaaae 
iiii Mil net 
A»ariaelpto 

oeaafctomdi 
aaap wheats 

***** fiSSKr 

eeaeUaadwi 

hOiOgObVkM 


MpabtoaodaftcrtaefaiairaaliqiaJ Gttaa;*as» or priority 
iacoafBctwkkaMappMcartoaa^ciapdtoiMlMiiiil 
or taeory aa denying sss lar»attia 

pankalar satovanoa; ass dabaad jaw—doe caanot ha 
0«ol or caaaot ba coaakfcrad to Involve aa la^cariv. 
e deeaaaaaa ta takae ajoaa) 

pwticaUr t**«vaa«; Bm> ctaiaxrf iaveatioa caaaot S* 
9 tewotve ae iavcngvs stop waca tb^donaaariai ja 
ta oats or More other sacs docemcnta* soch etmbtMnoo 
it to a paraoa akaiad la the an 


Date of the actual completion of the utfemauocal eearcb 
November 26, 1993 (26. 11. 93) 


Date of mailing of the international at 

December 14, 1993 


arch report 
(14. 12. 93) 


Name and matting address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 

Telephone No. 


Form PCTASA/210 (aecood abeet) (July 1992) 



